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We study stability of isothermal two-component radiatively driven stellar winds against one-dimensional
perturbations larger than the Sobolev length, and radiative-acoustic waves in such stellar winds. We perform
linear perturbation analysis in comoving fluid-frames of individual components and obtain dispersion relation
in the common fluid-frame. For high density winds the velocity dierence between velocities of both compo-
nents is relatively small and the wind is stable for radiative-acoustic waves discovered originally by Abbott,
in accordance with the previous studies of the one-component wind. However, for such high density winds
we found new types of waves including a special case of "frozen-in" wavy patterns. On the other hand, if the
velocity dierence between wind components is suciently large (for low density winds) then the multicom-
ponent stellar wind is unstable even for large scale perturbations and ion runaway occurs. Thus, isothermal
two-component stationary solutions of the radiatively line driven stellar wind with an abrupt lowering of the
velocity gradient are unstable. stars: mass-loss { stars: early-type { hydrodynamics { instabilities { waves
Introduction
Since the foundation of the basic theory of the radiatively driven stellar wind the wind stability was one
of the most fundamental questions to be solved. At the very beginning Lucy & Solomon (LS70) concluded
that radiatively driven stellar winds are essentially unstable. Contrary to this assertion, Castor, Abbott
& Klein (cak) described radiatively driven stellar wind as smooth and stable steady-state outflow. This
contradiction survived when Abbott (abb) showed that the stellar wind described by CAK is stable. On
the other hand, MacGregor et al. (nesmac) and Carlberg (nesta) concluded that radiatively driven stellar
winds are unstable. This paradox was solved by Owocki & Rybicki (ornest). These authors found a general
relation which is valid for perturbation both smaller and larger than the Sobolev length, the so called
\bridging relation". The main result of the latter paper is that the flow of the line driven wind is stable
for perturbations larger than the Sobolev length (the so-called large scale perturbations), yielding stable
radiative-acoustic waves, which were found by Abbott (abb) and unstable for perturbations smaller than the
Sobolev length, as found by MacGregor et al. (nesmac) and Carlberg (nesta). The theory of instabilities of
radiatively driven stellar wind was further developed by Lucy (L84), Owocki & Rybicki (or2, or3, or5), and
extended to three-dimensional perturbations by Rybicki et al. (or4). For an introduction to the problem of
a stability of a line driven wind see Rybicki (rybinst) and Owocki (aetso). The existence of instabilities in
the wind is important for an X-ray phenomenon because it is usually assumed that X-rays are generated by
wind clumping or shocks (e.g. Lucy & White luw, Lucy L82, Owocki & Cohen owco).
On the other hand, it is known that radiatively driven stellar winds have multicomponent nature (e.g.,
Springmann & Pauldrach treni, Babel babela, Porter & Drew iontdisk). The stellar radiation is predom-
inantly absorbed by species (typically C, N, O, Fe, etc.) which have much lower density than the rest of
the stellar wind, which is composed mainly of hydrogen and helium. However, multicomponent eects are
important only for low-density stellar winds. Recently, Krticka & Kubat (kk, kki, kkii, hereafter KK0, KKI,
KKII, respectively) computed models of isothermal two-component and non-isothermal three-component
radiatively driven stellar winds.
Springmann & Pauldrach (treni) proposed that for low density stellar winds the absorbing component
is not able to accelerate the non-absorbing component and that both components decouple. On the other
hand, using a model of an isothermal two-component stellar wind KK0 obtained a surprising result that the
components do not decouple and an unexpected decrease of the velocity gradient was found. This eect can
be explained by the dependence of the radiative force on the velocity gradient. A question which naturally
arises is the stability of such multicomponent flow.
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It is natural to expect that the conclusions about the stability of the one-component wind will be in
principal also valid for the two component flows. Recently, Owocki & Puls (op, hereafter OP) extended
the general one-component stability analysis of Owocki & Rybicki (ornest) for the case of a two-component
isothermal wind and found that the two-component solution is unstable when the flow is not well coupled.
Here we extend Abbott’s (abb) calculations to the case of the multicomponent flow and study how the
overall picture of stable Abbott waves changes in the two-component isothermal stellar wind. The analysis
presented in this paper is based on a part of a thesis of Krticka (disertacka).
Time-dependent hydrodynamic equations for isothermal wind
We assume an isothermal spherically symmetric wind consisting of two components, namely of passive
(non-absorbing) hydrogen ions with mass equal to proton mass m and charge equal to proton charge q
and of absorbing ions with mass Am and charge q. Time-dependent radiatively driven stellar wind is then
described by the set of hydrodynamic equations, namely with the continuity equations subequations eqnarray
kontdvoupr ρt + 1r2rr2ρ = 0,
Frictional force (per unit volume) R acting between both components has following form (Springmann
& Pauldrach treni): equationRpi R=-nnkG(x),
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